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Abstract. — Following Schatzrman (1962) we propose that the orbital

angular momentum of binaries may be dissipated through mass ejection

T2

alonz magnetic lines of force. It brings the seperation of two component

3

stars closer and closer, such that in some cases contact binaries, like
Jd Uia systems, mey te formed in this way.

I the dissipation of angular nocirentwa continues afler the two

conponents come into direct conitzct, the course open for the binary

Jte

s ©to transfer mass from the less massive to the more massive component.

Three sbservational resulis — (1) the mass ratios of the W Ula systems,

(2) ths negative correlation between the axial rotation and the frequency
occurrsnce of speciroscoplic binaries in different clusters and assoc;uuions,

ané (3) the stars of hydrogen-poor and helium-rich atnospheres — are
discussed in the light of this suggestiion. ' :
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Treguction
’

The contact binaries, like d Uiz stars, have been found abundent in

the gelactic systen (Shapley 1948). However, their formation renzins a

creal mystery, because the two conponents sinmply cowld not have formed

(%) & part of this invesiige carricd out when the author
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momen? m dissipation (Schatzman 186

so close togeiner. Otherwise, the two stars would have engulfed each
otner during the pre-main-sequence stage of evolution, It is then
Gifficult to envisage & separation of two gaseous spheres from a single
ore,

izny theories for the origin of close binzries in general have been
proposed (e.g., Hynek 1951). TFor the contact binaries of W UMz types we
Tace three possibilities: (1) fission from a single rapidly rotaiving
star, (2) coniraction of the orbii in a resisting mediwm, and (3) evolution
from cther close binaries. st astronomers, including Jeans (1944), have
ruled out the fission theory in its original form. Recently, Roxburgh
(1965) has revived it. But this revived version Goes not remove all the

difficulties encountered by the fission theory.
The idea of a resisting mediw: which dissipates the dynamical energy

of a tinary system and thereby reiuces its separation faces the fact that
in the interstellar mediun the densities are not high enough o do the
requirsd worX. Regarding the third possibility Struve (1950) has
suggested that the contact binaries of the W Ula type are the product

of evolution of more massive contzct binaries such as U Coronze 3Borealis
which 1s supposed to owe its existence again to fission of rapidly
rotating siars. Hence, Struve's sugzestion does not go beyond the
fissioa origins for the contact binaries. In view of the difficulties

Co v .
enterel by the two conveniionel thecries, we shall present here a theory
~

D -

. for thz formation of contuct binaries bused on a new mechanism of angular

W

1°

ose imporiance is only recently

i8]
—

recliz:d.

There is increasing evidence tact intense mognetic activities prevail
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in the.ear¢y stage of stellar evolution. Several empirical resulis
which are oliherwise unexplainable can now be understood in terms of
eleciromagnetic interaction teking place on the stellar surface. These
theories have been recently swmarized (Huang 1965b). In perticuler
we shculd mention the overzbundance of lithium in T Tauri stars as
compared with its proportion in the solar atmosphere (Donsack and
Greenstein 1960; Herbig 1962). ~ccording to Fowler, Greenstein and
Eoyle (1962), this anomaly arises froa the spallation process that
preceecds on the surface of these sturs; the high-energy particles,

Gominantly protons, that are respenzible for spallation ere supposed

o bde zccelerated by the same electronagnetic force that produces other

phencrena, such as flares (Poveda 1035.), ejection of matter (Herbig 1957),
etc. Minally, Wilson (1963) has found a probable correlation between

chromospheric activity (as seen Iron the H-X emission) and age in
main—sequenﬁe stars in the sense that the activity cecreases with ege.
Follouing what has been found in the solar chromospasre (Babcock and
Babcock 1958; Csterbrock 1961), he has also suggested that magnetic
field strength over the steller surlace may determine the strength of
H-X erxission. If so, there must be a strong field in the early phase
of stellar evolution, agreeing with the conclusion obtained from other
considérations, as we have already scen.

" ZIonized particles ejescicd alongnt%e regnetic lines of force that
rotate with the star acguire a large amcunt of engwlar momentum. UWhen
these particles are lost to the sysiem or are zbsorbed by the surrouncing

mediur, the angular momentun they cerry is lost to the star. The loss

of engular momentun In this way provided an effeciive means for braking
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stellar rotation (Schatzman 1662). Indeed, we have found that the
statistical behavior of stellar rotation seens to agree with the concept

of braxing (Huang 1965a). Now if the spin angular momentum of the star

can be dissipated this way, it is egually likely that the orbital angular

nementin of 2 binary system may be similarly dissipated through electro-
magnetic interaction.

m 3
-~

Gissipation of the orbital angular mementum may take two slightly

w

* Y,

differant idealized forms. If th

]

ragnetic lines of force of two component

|

stars are connected, the orbitel anguler moment: will be directly trans-

ported out by the ejected particles alcng the lines of force. If, on the
other hand, the two component stars are nct magnetically linked, it is the

spin eagular momentum that is cirectly dissipaied by the ejected mavier.

~n

However, since the two components of a close binary are always coupled

dynaxdically even if not megneticzlly, the loss ol the spin angular

KR

momentun evenuuallj will lead to the lescrease of the orbitel angular

romentum. In reality, with magnetic ectivities occurring on the surfeaces

D

o<

of both components, the two stars are 1ikely coupled by magnetic lires

because any instability at zero zoi.t can eusily connect the magnetic
lines emanating from two stars. Zere we see 2 means to bring the two

comporents of the binary together more effectively than a resisting

-

nediur.. In fzct this appears to be the cnly reasonable way that contzact
A1

binaries that abound in the solar neiznborncod can be formed. In the

folloving section we will cevelop a preliminary theory for the origin

£

of corizect binaries besad cn this icea,

2. Mormation ol Conizct Tinaries

Ccnsider a binary systen whosa tuc components are revolving around

L



each other in circular orbits for the sake of simplicity. Let the
separetion bevween the two componenis be a. Hence, if we donote by
¥e,Rs, Biki (i =1, 2) respectively, the masses, radii,and radii of
gyretion of the two components, the total angular momentum of the

~yP?
systez, 4J{, , becones

| L L // (1)

where

M‘M;, I_.M_T)Z)Z' o
o= .= MRk (i=1,2
[ T, TR e

viaile LL) and U.) are respectively szin enzular velocities of the itwo

components and () angular velocity of orbpital revoluiion given by

G (M My) 7/

aa (3;
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C as the gravitational constant.
P . S
v

e shall stucy sepera

anguler monentum 1s being steadil

e

of the two components chan

1 ~

traction but the two components cre so far apart that the orbital mouvion
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ana axial rovation are coupled magnetically, though perheps not
dynarically. - . This case perhaps applies to the
early stzge of drifting together cf two components in a2 binary of a
feirly large separation. (2) The redii R, &nd R2 become constant.
This would be the case vwhen the two components have reached the main
sequence and their separztion has becone quite close. (3) The two
components are alreadj in physiczl contact. Tne first two cases will

be discussed in this section, leacving the third one for the next

secticn,

Case 1. Let us first consider the variation of Ry and RZ'
according to Hayeshi's (1961) theory of evolution for pre-main-sequence
stars, the evolutionary track on the HI-R diagram is dominantly vertical
and their internzl structure is based on convective equilibrium. This
is especially itrue for the late siars. Hence, as a simplification, we
shall zssume the effective temperziure, Ti’ of the component to be con-
stant in the entire course of evolution towards ithe main seguence.
During its contiracting stzge, the luminosity of a star is supplied by

L 5

zvitational energy,

Z
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i

its g
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L

l, 2) (4)




where X is 2 constant equal to &/7 as long as the star remains in the
state of convectiive eguilibrium. e now assume thalt although it carries
avay & large amount of angular moueniwa, the mass ejected from the star

.

is negiigible. Therefore, in the following treatment we will take I

(i =1, 2) &s constant in the course of evolution. It follows that the
change of gravitationel energy is orly throcuzh a change in the radius.

Fromn the virial theorem we have

1 5 .
M. AR, :
o{,G ;oi“ =~L‘ (L=l,2) (5)

A
2

RE 4T L)
&
where the ratio of specific heatls havs been set equal to 5/3 and the

lumincsity of each component, Li, is
= p =2 D!
L, = L R O-’E (6)

G~ beinz the Stefan-Bolizmann consitant. Since the effeciive temperauure,

T3 (2 =1, 2) is assumed to be constent during evolution, eguations (5)

R T R 1. + (j:[)z) (7)

where

)‘L = - — (i:}, 2) (&)




is a iime scale related to graviiationzl contraction and Ri,o is the
velue of Ry at v = 0.

Fext we consicder the rate of cngulcor isomentum dissipation, which
must be directly proportional itc the reite of mass ejection. Tne latter
1likely increcses with the lunmincsity because it is perhaps wWltimately
due Lo the conveclive energy flov that activates the mass ejection. If

we (enote m the mass ejected by tie two components, the rate of mass

ejectlion may be written &s

\
J (9)

is & parameter with the diumension of mass over itime and L

©
—

"l
represents the luminosity of each component (i = 1, 2) at the finzl stage

of contraction (to be identified with the umain seguence as an approxiza-

-

tion). Similarly, we will denote R; » as the Iinal radius of the 1 com-
2

ponent. also, the rate of loss of enzular momentun rust be proportional

to the angular velocity of the sizr, Leczuse the angular momentum carried

evey ty ejected mass along the maznetic lines of force that rotvate. with

v -

the binary is directly proporticnzl to the orbital angular velccity.

Hence, we may write

. pe . n
Ggm(: , lzaZL L.'. ) s (10)

1,4
=i 7;
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this way, e nay e token as the avesrege effective radius
& T ~ .

(fros the center of mass of the biniry systen) of points at which charged

ticles are decoupled rom ths wrretic lines of Jorce. One cf possidble
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decoupling processes occurs when the charged particles enter into a cool
mediun of litile ionization.

Since a is large in this case, we may neglect the first term on the

right side of eguation (1) in order ic see roughly the manner the two com-

< -

- . <

nounent siars drift together. Subsititition of equation (1) into equation

L)

1C0) yiclds o éifferential equaticn which may be integrated to derive the

o~

Tollowing result:

2 7 z »
| -2 = - —LZ‘ /\-(Kf_'f_

waere

X

h

o P Qo
— on A { i /LL ' (12)
3 : "

(M)
_—ra
\( =0
P

2, being the initial value of a.

e can easily integrate equation (9) in the same way &s equetion (10)

—
and &rdced obtain the same swmation as that appecring in equation (11).

Corioining the resulis, we derive a simnle relation

3

"I’ = Z (13)

. - ~

which i3 incepencdent of n.

Zgation (11) deseribes in genmer.l low the two components approach

Yy

ccch olther as 2 result of angular mousnuum dissipaiion and is velid vefore
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zitner commonent reaches the main sesjuence, i.e., for t less than the
- > 3

convrz2iing time scale tc,l whiclh =ty be ovilzined by setiing Ri equal to

its mein-sequence value, Ry r in equation (7).
b Rl 4

L2t us consider a special case of I-L=}~'I2 né n = 1. Write /\i '—'/lz ’/\,

e = RND. =R =D - s o KR ca D 1 -~ o h) 1 L1 -
t’cl“‘cz Cay Ry R2 R. 1f we denote Xp as the value of x when both components

have rzached the main sequence, it can ecsily be derived from equation (11)

.3 N
nav

|~ ((-xf’“) i) )

{

.y

is the conitraction factor of the radius. IZguation (14) gives the veriation
with time of separation from x =1 to x = x, for different values of r.

Hence, r in Kf(t;r) affects only slightly the manner in which x decreases

from 1 to Xoe The actuzl amount of decrecse in separation is delermined

by x, which is given by

Z 3
2 12 /L A c I-|7\
|-x, = " -t , \17)
1[ Nt T |
it Mﬁo denotes the orbitel ansulor mouentus at € = 0, the total &issipation




of angular momentun in ths intervel 1. is given by

W 37( ( 17') - (18)

w\

) - e - - rs . 3 0
which, together with equation (17), gzives a relation between A{){fb and

Tl' If we now cozbine equation (315) with equation (13), the following

¢<7><”:T 4 P .
relation is obtained beitween mass 4i53ipzve and angular momentum dissipa-

tions

(19)

I3

In order to recuce J; fﬁ by en aporecizble zmount, ‘-WI[/ L1 Q :r.ust

9
D

~

se of the order of one. I ! ‘L <L 5’ as has been assumed, Q
/. °
st be rmmch greater than one. ience the critical point of the present

f

theory is the value of A - If ve asswme thalt during magnetic activities

in the early phase of evolution ithe ncgnevic field preveiling on the
- ~ . PO - y2 . nx 4 s s
sveliar surface is of the order of 10* gauss, and as a dipole Iield it

Gecreuses with the cdistance, @, accerding to d"3, then at a distance of

10°R the steller Tield will reach the same sirength as that of the inter-

™

stellar megnetic field, say 16—2 zauss (Chandrasekhar and Fermi 1953).
3 L)
Therefore 10°% ray be the upper limit / Hence, if {, = [0 K .
- L 9

the rroposed mechenign of brelking orbiltzl motion is netl expected to be

=

-

B L7
erTective. Iiost likely only bincries with Qo_ 4 IO l{ can be brought
into contact by magnetic braking. Cn The other hand, we should remember
that in the early stzze of evolution the stellar redius R Is large. This

act enhances the effectiveness of the suzgested mechanism for converting

“so
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close binzries into contscit ones.

(aose 2. Since we no longer assuxe coantraction of component siars,

-

the Jvnmincsity ci both ccmponents become co“s«unt L e IZ’ denoted

by I, cen no longer be neglected if the itwo components zre close. We
heve ¢s the eguation for anguler :ao:zentu:z/ P SRR ew’.x VEahy daks / el A zu‘v\
o

~

]
|

f 2
. 2 . Lda, g

&__! LT
("‘*‘n

£
(9

eCx

[o N

if the totel mess e ed is very szz2ll compared with the stellar masses.

| ¥R

sration of egustion (20) yields

Pt
SL Ao Th (21)
<

» 41
x a
/L(~

wnere x and "C‘ cre given by egustion (12). Hence the time scale thot the

v
|
}Qu )

0")

binzry will become & contect one is of ithe orier of ’C}/L;L. The separziion,

X, of the two components decrezses from l,at first like (1 - 4% T)z’ and

jo]

Then rore rapidly when the logarithiiic term becomes apprecizdle.

3. Zvolution of Jenicet Birnaries

E3 uations (14) ané (21) are valié only before the two stars come into

contact. If after the contact the anzular momentum continves its Gissipa-

3

tion, the binary orbii cammol further shrink without violating the siellar
siructure because & high pressure develops at the surfzce of contaci.

sctunlly the binary will follow & course that meeits the lezst resistance

-2



s well as satisfies the condition of cecreasing engular momentum. One

ccn easily see thatl the course is to remove the mass in the suriace layer

of the less massive cozmpenent to thet of its companion. This mey be regarded
as a fusion phzse of evolution of ccabtact bincries.

Let us assume the two componznts o be main-seguence stars so that they

satisly tae mass-radius relation,

{ _ I (22)

) -

obtzired by fussell and ioore {15/0). Hence the separztion between the

conporents at any time beconmes

S

;i85 the angular momentun of the contact binary sysiem decreases, mass flows

o [ - Y T Y e - PRy ~wre = Az - - ) s L.
from I, to ¥y if ¥j7i,. In other words, dlp/dt = -dly/dt <0, zs the total

moss ¢f vhe systenm is assumed to be notv perceptibly lowered by the ejection

process. =quation of angular monmentum dissipailon then becom

=4

] R
de. | rdu 2y | 4w A
ot 4T di "

Yith the aid of equations (2) - (3) =nd (22-23), equation (24) can be

2.[!. ien
[ M ) L2y 47 - )
| TS, T T
\ Mg ! | L C, (25)

-13-



wnere

and

,L[ [ 07
, - ,02./\91,:_. N e (o 0.7 03 .03
K= 24X =7 )38 4y )0 =575

+7 | (27)

and
NA :g\" =7 M \,_‘L :M
=M, My=7 M MM (25)
with (,0 f ,/Z
Rp= 7, =72
Integration of equation (25) zives
2.:”’ =~ "}
W N /o 2N . /
[T eg)-0%) = = (29)
H . { 7 l it —t~
whare b
:’7 4 N F
4 N 1 I LY
— i [\
f(5)=, TEJs ()
5
end 7  is the initiel velue of - .
. /0 /

Since it is alueys in the dircctioan from the less to the more massive

comporent that the mass flows in the ccourse of angular momentun dissipation,

-1



' Table 1 gives fuactions }G(g) as defined by equation (30) as Well'as
1 / 3 - 0.7 . 047
‘%/(“?F; + 7

7 , / (31)

0.
. R M) !, (%) |
a= s v, |77 (32)

-~

The czse of ?:: } corresponds to the disapoearance of the less mzssive

conponante. Ironically by annexing its companion the nore nassive component

is overtzcken by its own instability, because it can be easily seén that at

tne nmouent of complete merging of ithe two components the resultant star

is ro"cationall;\v unstable. However, the rotationally unstable star has

less anguler momentum than the preceeding state of being a contact binary

with a large disparity in moss.
The totel time from the first coantact to the complete disa pearance

-~

c¢f the less massive component Is egual <o

-
»L — < 1’ ~ 7 ".___\ 'ﬂ .’,? '
CE ), Gl ‘>o)J. (33)

, ‘\;‘3 -~ ¢
- . L) ~ 4 JQ —
for tus stars with equal messes In the beginning, 72 - O'S /
v 2t
/!
= 0- / T “2
/ i -
[N



- . - - . e ~ .- [
lurinosity, "4 may decrezse wiinh liss Lecnuse of possible higher rates

ef &issipotion of anmular monentw. i sturs of nigher lusxinosities. Hence

& nore delinite statement can be :adz only after we have uncerstood guantit~ -

2tivel;y the actual loss of anzular momentun through mass ejection.

-

o,

That the mass flows from the less to the nmore massive component in
a contuet dbinary during anzuler monentum dissipation is due to the mass-

radius relation given by equation (23). Tnis makes a decrease of separa-

. o
tion, oA

1= {‘,r correspond to a transier of mass from the less to the
\

N,
2

more maissive component.

Wnile the present suzgesticn for the fornation of contact binaries

-+

i1s ice:lly sound beczuse it is bussd entirely on known physiczl principles,
and erdirically supporicble beccuse we Goc find evidence ol megnetic activ-
ivies in the early phase of stellur esvolution, we would like, in addition,

e meriion a few observational results which moy be related to the present

sugsesuion.
L PO Y o . ~. - 1 z KRN ~——e, .- 2o o F = .
izss musv flow from the less to tle more uzssive component in a contact
confizuration il the angular momeniun: of the systexn is being continuvously

Cissirzicd. Hence unless the dissipation sicps just when two stars of egual

two counponents in a convact binary

will in general differ from esch other. In otzer words, the chance of

very ozll, Indeed, iT

-

ndir; o comporent stars of ecuzl rasses in contazct binaries must be

Y -

we now exemine the mass ratlo of W Uiz slers, we find

4
-10—



thet although the two components have usually similar spaciral types,

thelr mzsses are never equal., In Szhade's (1962) recent compilation

vhere ere listed 15 W Uiz systems with Imown masses for both components.
Tople 2 gives the distribution of the mass ratio lﬁ_}% of these 15
systezs, I we further renember that binaries of equal nasses are the
easiest to be detected, the distridution as given in Table 2 shows

ciearly the avoida 1ce}of mess ratio zround 1 by these binary systenms.

Cn the other hand, uken we examin: {12 mass ratios of non-contacht binaries
we Tind that binaries with components of equal masses are quite COIL0N .

A

«~s exzaples we nzy cilte YY Gem, I Uiz, and WZ Oph, 211 heving o nmass

ratio of one, and DI Her, SS Boo, and CV Vel 21l having mass ratios

oY L gial

nearly one. Thus the difference in the mass ratio found betwean contact

binaries and non-contact binaries znnears to favor our present suggestion.
D 25

Cn the other hand, it may be due to pure chence.

& cervain inverse relation exlsts

+ . ~

ol s3e ciroscopic binaries and ths s

i

ate of "Tiél rotation in difTerent
groups of stars. Smith and Struve {1544 ) concluded from a study of 71
Flelafes stars that there was & 1xrlad ssarciiy of lar”efamoli*wde oinaries
in thct cluster. Cn the other hand, the wverage rotationzl velocity of
ciers in the qluster wes lmoun to be above the averzge velue derived

-ron field stars of the same specirel tyoes. Tais puzzling ?elation has
Seen rore clearly shown in a recend seper oy Abt and Funter (1962). They
aave rol only confirmed Smith and Siruvels rasult for the Fleiazdes siars
but also found a reverse phenomercn, uanely, those clusiers whose‘sta;s

- - )

AR om ~2 - 2L ‘J-‘. - S etn -
grveq rovavional valocitles contain nigh percenta

[ =

n wne ob

are lev

[¢]

[N

o spectroscopic binaries. Taey have cderived tals conclusion fron a

17




stuay of three groups of stars —

the &l Per cluster.

tne I Lac and I Ori associations and

Later, 4bt «nd Snowden (1S64) have further confirnmed

VA

tals result in the cluster IC 4865 Irom their study of radial velocities

and Deutsehls (1955) study of rotiztionzl velocities. In the case of Crion

stars, the same result has been cbicined by McHemara and Larsson (1962)

ar vy

ané illclamora (1963).

We have suggested the decrezse ¢ separations of non-contact binaries

&
[&]
ch

e merging of two componen

U5 in contact pinaries into single rotat:i

gl sters as & result ol the loss of cnsuler zomentwa., Hence, if itze con-

Citior should be favorsble to ciszsi

] o ~ v daava -~
sitica of angwlar momentwz, such a

N

tie presence of a gaseous mediwm in Uie swroundings, we would eipect

iany spectroscoplc binaries to beccizz rapidly rotating stars in this way.

This zay be the stete in the Ple

Glssgization is unfzvorzble or the

Py

- (]
iades cluster. On the other hand, if the

ascoclaticns or clusters are so young

binaries will maintain their originsl nroportlon. Such mzy be the case

in ihe associations. However, we

Ak L

o not cladin that this is incdeed the

cause for the negative correlation beiween populations of rapidly rciatiting

stars and of spectroscopic binari
pretations, such as ibt's (1965),
te szid thet whatever is the true
two kinds of stellar objecis both
imomentum poinits out most clearly

O .

es, becuuse vhere are nany other inter-

-

“rel objects of large anguler nouentun

should be viewad in an overzll nonrner instead of beins discussed sep-—
o

arate*v in the nane of bvinaries,

To%.ving stars and planetary systisns.

4 conseguence cof the nss transier proposed here for the



)
er ff.x..’l (o

Two components in a coriccel binary in

is the fzct that it turns the less massive compo
zccording to our suggestion the

ponent resenbles the peeling of on oulon.

10

e

a single roteting stcr

nt inside out, becuuse

lcss of iass from the less nassive conm-

Conseguently, if thermonuclear

recctions of converting hydrogen iato helium have started in the interior -

- Y

of the less massive component belfore this

we will finé & higher heliun abundince iIn the atmosphere of

an the amount present in the

¢imosphe

res of two origi

mode of mass transfer sets in,

the resuliting

rnel component

to note thet there are stars such as

. WD124448 (Popper 1947), HD30353

(Bidelaan 195G), ED160641 (Bidelrsn 1G52), FDL6E476 (Thackeray 1954 ),
/
, which show unusually high abundaznce

of neliun and/or low zbundance of hydrogen. However at the preseni stage

the niass transfer

4~ zonseguence of the present theory that is difficult

Tficult to

saey whether such stars have indeed any connection wita

mechanism proposec Lercee.

to checxk will be

ssen waen we inquire about the orbit:il angular nomentun thet has been

iss

e

'_!.
fe]

gested (

1.

Husng

stars through

—a— T
ieariun

orbitel notion.

that is remmant of ster ferrmotion.

around Y Uiz

sted in the course of orbiicl coniraciion.

z similer

iium, after having accuired wngular nomeniun,

st

Previously we hove sug-
19652b) that the angular momentun that is lost by rovating
breking process may have gone to the surrounding
‘e have further speculaved
will collapse
Waat is

ructure from which a planetary systen may

-

energe.
Consequently we would cxpect that planelary systens

ters might be comzien, 3ince the orbital angular momenta
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of biruries are much greater than those of rapidly spinning stars, we
may also corjecture that the planets, iff indeed formed at all, wiil be
much farther awsy froz the perent binaries. Cn the other hand, because

of the large angular nomentum, the surrounding medium rmay becone so

o
(<]
Cispersed that it never reaches dexsities high enough for cendensation.

)
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Tunetions Deftermininzg the Senaration and lzss Transfer

Between Tvo Ccisonents o

Y8 vg) 5 ) ¢

1231 0 ‘ .69 1.2118 04847
1.2311  .00014 .70 1.2096  .05356
1.2309  .00055 71 1.2072 05891
1.2307 .00123 72 1.2048 06448
1.2363  .00Z19 .73 1.2022 07027
1.2298  .003.3 7 1.1994 07628
1.2293  .00493 75 1.1965 .08250
©1.2286 .006TL 76 1.1935 .06592
1.2278 00875 | 77 1.1903 .C9555
1.2269 .011C6 | .73 1.1860 .10237
1.2259 .C1364 : .79 1.1833 .10938
1.2248 01649 80 1.1795 .11656
1.2236 .01960 .81 1.1756 .12391
1.2223 .02256 .82 174 .1343
1.2208 .02659 83 1670 .13909
1.2192 03047 .54 1.1624 14690
1.2176 .03460 .85 1.1575 15484,
12157 .03698 .86 1.1523 16289

1.2138 .04361 .87 1.1459 _ o «17105
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¥

1.1211

1.1350

1.128L

1.1215
1.1140
1.1059
1.0972
1.0876
1.0769
1.0548
1.0506
1.0328

1.000C0

.25791




